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Abstract 
This research was focus on factors affecting water quality in Kwae-om Canal in Bang Khonthi District, Samut Songkhram. The 
objectives were (1) to monitoring the quality of the source water, with discharged into the Kwae-om Canal Bang Khonthi 
District, (2) to study the relationship between the water quality and source of water pollutant, and to determine the factors that 
affect water quality. Water samples were collected from 41 points (for summer and rainy) and analyzed water quality according 
to standard methods. The results showed that the water quality does not meet the quality standards of surface water category 3 of 
the PCD. Seasonal effect on the amount of cadmium in the water. Water temperatures, pH, nitrogen in nitrate, copper, manganese 
and zinc compounds were met category 3 of the PCD. According to the factors of land use, dissolved oxygen, ammonia nitrogen, 
fecal coliform bacteria and total coliform bacteria did not meet the standard. 
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1. Introduction 
The geographical features of Samut Songkhram province are generally a coastal lowland area and the soil 
condition is sandy clay without mountains or islands. There were mangrove forest spread throughout the coastline 
and the mouth of the river. The main river flows in the province is Mae Klong River which flows through Bang 
Khonthi district and Amphawa district into the Gulf of Thailand at the mouth of Mae Klong River, Muang Samut 
Songkhram District. Besides, there are over 300 canals branched out of Mae Klong river spreading all over the area. 
Water quality in Samut Songkram province is considered as fair (Choo-In. et al., 2013). A significant factor causing 
water quality deterioration is the household sewage disposal and some other industrial and agricultural activities. 
The parameter indicating water quality problem is the contamination of Fecal Coliform Bacteria (FCB), Total 
Coliform Bacteria (TCB), Ammonia (NH3), Biochemical Oxygen Demand (BOD), and Dissolved Oxygen (DO). 
(Kaseamsawat.,2013) Amphawa and Bang Khonthi are the districts in Samut Songkhram where the majority of its 
citizens living by the riverside distinctively illustrates that rivers are vital source for living whether for the purpose 
of consumption, trade routes, or transportation from the past to the present. The attraction of the districts is floating 
markets; Tha Ka floating market (Tha Ka sub-district, Amphawa District), Amphawa floating market (Amphawa 
district), Bang Noi floating market (Kra Dang Nga sub-district, Bang Khonthi district) (Utarasakul. et al, 2013). The 
activities operated in floating markets effect both positively and negatively to the water quality (Kasemsawat and 
Choo – In.,2014). Kwae-om canal is one of canals branched out of Mae Klong River at Sarn Chao Temple, Ban Rai 
district, Muang Ratchaburi district, Ratchaburi province, and, it converges once again to Mae Klong River at Pak 
Narm Temple, Kwae-om sub-district, Amphawa district, Samut Songkhram province, which flows pass through the 
area of Baan Pramote sub-district, Bang Sa Kae sub-district, Bang Kung sub-district, Bang Khonthi sub-district, 
Muang Mai sub-district, Kwae-om sub-district, which all are in Amphawa district. Kwae-om canal is 21 kilometres 
long, its length from Baan Pramote sub-district, Bang Khon Tee district to Pak Narm Temple, to Amphawa district 
is around 10 kilometres, and, its length from Pak Narm Temple, Amphawa district, to the estuary, inner Gulf of 
Thailand is around 18 kilometres, where the physical description is a fertile lowland amply being cultivated any 
agricultural operations. Nowadays, land transportation has become an important role on livelihood and ways of 
living of local people. A number of roads are constructed to be the paths to villages. As in the past, people’s lives 
basically relied on canals as an essential resource of living which some traces of the old way are still evidently 
spotted in the present time. Their main occupation is agriculture that there are many of lychee and pomelo farms but 
fewer coconut farms (Kasemsawat and Choo – In.,2014). Homestay business is getting more popular for welcoming 
tourists but effect negatively to environmental quality. For example, wastewater discharge to water resources, waste 
air emission to atmosphere, and a huge amount of accumulating residual waste. These are all factors effecting the 
water quality of Kwae-om River. Another factor which effects chiefly on water quality is tides. The topography of 
Samut Songkhram is a gradient and low water area connecting to the sea. The water circulation and transfer depends 
on the sea tides. The seawater flows into Mae Klong River and its branches. Kwae-om canal is also influenced by 
the fluctuation as rising tide increases water saltiness and ebb tide increases the water dirtiness whereby the water 
from canals and household wastewater increasingly stream down to the canals, the dirtiness value is thus higher 
during ebb tide than rising tide. Therefore, the researcher’s notion is to study on factors effecting the water quality 
of Kwae-om canal, to survey the water quality of both Kwae-om canal and the origins that drain into it, to study the 
relationship between the water quality from the origins and Kwae-om canal including the factors relevant, and to 
study on water quality treatment solutions in Kwae-om canal. The information acquired will be applied as solution 
and management guides for a proper usable condition of Kwae-om canal.  
2. Kwae-om canal 
Kwae-om canal is an anabranch which currently on the right of the course of Mae Klong River that separates 
from Mae Klong river at Ban Rai sub-district, Muang Ratchabuti district, Ratchaburi province, and converges it 
once again at Kwae-om sub-district, Amphawa district, and Wat Pen district (Kasemsawat, and Choo – In, 2014). 
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3. Location and Boundary 
It is located in the south-eastern of Ratchaburi province, 15 kilometres away from Muang Ratchaburi district. It 
has a surface area of roughly 37.9 square kilometres or 3,682 rais. It is bordered to the north by Ban Rai sub-district, 
Kung Krathin sub-district, Muang Ratchaburi district, Ratchaburi province, to the south by Amphawa district, Samut 
Songkhram province and Wat Yarng Ngarm sub-district, Pak Tho district, Ratchaburi province, to the east by Kwae-
om River, Bang Khonthi district, Samut Somgkhram province and Khung Krathin sub-district, Muang Ratchaburi 
district, and to the west by Ku Bua sub-district, Muang Ratchaburi district and Pa Kai sub-district, Pak Tho district, 
Ratchaburi province. Kwae-om canal separates from Mae Klong River at Kho Sarn Phra sub-district, Wat Pleng 
district - Ratchaburi province and starts its watercourse at Muang Mai sub-district, Amphawa district - Bang Sakae 
sub-district, Bang Khonthi district - Kwae-om sub-district, and, Pak Nam Temple, Bang Kae sub-district, Amphawa 
district, then converges to Mae Klong River again. Kwae-om canal flows through the area of Muang Mai sub-
district with distance 66,085 metres, the area of Baan Pramote sub-district 23,100 metres, and Kwae-om sub-district 
1,760 metres. (Rivers and canals information by Office of Environment, Samut Songkhram, 2011)  Kwae-om canal 
branched out of Mae Klong River at Wat Sarn Chao, Muang Ratchaburi district, flows to Wat Pleng district, and 
converges to another part of Mae Klong River at Pak Nam Temple, Amphawa district, Samut Songkhram. It is 21 
kilometres long and physical features are a plentiful lowland area which able to be cultivated nearly all agricultural 
operations. Nowadays, land transportation has become an important role on livelihood and ways of living of people. 
A number of roads are constructed as the paths to villages. As in the past, people’s lives basically relied on canals as 
an essential resource of living which some traces of the old way are still evidently spotted in the present time. Their 
main occupation is agriculture that there are many of lychee and pomelo farms but fewer coconut farms. Homestay 
business is getting more popular for tourists. The communities living a simply way of life is preserved as a gardener 
communities living by riverside and a natural atmosphere closed by canals where a number of temples located 
which most of them are the old temples built in Krungsri Ayudhaya era. Nowadays, they are assigned as the 
landmarks and riverside tourist attractions that brings about a significant progress in economic society, tourism, the 
development of science, technology, and industry. However, the progress causes certain negative effects to the 
environment quality. Kwae-om riverside community is a water-from-garden user community that preserves the 
importance of an aesthetic, local historical, and economic society values. As cultural landscape development 
demonstrates a human society evolution and settlement pattern which leads to distinctly spatial perception. 
Structural relationship of cultural landscapes in the community comprise of raised garden bed system, riverside 
community, watercourse network, religious beliefs, lifestyles and activities. They are all balancing the value cultural 
landscapes related to the water. Nonetheless, at present, urban development and touristic trends put the cultural  
landscapes of community in jeopardy of identity loss. (Kasemsawat, and Choo – In, 2014). 
4. Purpose of Research 
(1) To survey the water quality from the origins released into Kwai-om canal 
(2) To study the relationship of water quality between the origins and Kwai-om canal 
(3) To study factors which effect the water quality in Kwai-om canal  
5. Materials and Methods 
5.1 Sampling Area Description 
Study the section of Kwai-om canal area flowing across Bang Khonthi and Amphawa district, starting from 
Klong Thai, Baan Pramote, Bang Khonthi district, Samut Songkhram, and ending at Kwai-om sub-district, 
Amphawa district, Samut Songkhram. The overall distance is 10 kilometres.  
5.2  Methodology 
The water sample were collect from the surface water, analysed water quality, and computed water quality index 
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of Kwae-om canal by PCD Water Quality Index. The surface water samples were from 41 sampling sites by in two 
seasons, twice each, as shown in Table 1, and analyse the water quality with parameters applied in Table 2. 
 
            Table 1 Date of Sample Collection 
 
Season Date of sample collection 
Summer 17 March 2014, 24 April 2014 
Rainy 13 June 2014, 19 July 2014 
 
      
    Table 2 Parameters and Methods Used in Water Quality Analysis 
 
No. Parameter Method of analysis Place of analysis Field Laboratory 
1 Temperature (oC) Thermometer 9  
2 Turbidity Turbidity meter 9  
3 Total dissolved solids (TDS) Filtration pass GF/C paper and dried at 103-105 oC for 2 hr.  9 
4 pH pH meter 9  
5 Salinity Salinity meter  9  
6 Conductivity Conductivity meter 9  
7 Nitogen in nitrate form  Cadmium reduction method  9 
8 Nitogen in amonia form Distillation and titration method  9 
9 Fe Atomic Absorption Spectroscopy (AAS) – direct aspiration  9 
10 Mn  9 
11 Cu  9 
12 Zn Atomic Absorption Spectroscopy (AAS) – direct aspiration  9 
13 Pb  9 
14 Cd  9 
15 Total hardness Titrate with EDTA 9 9 
16 Fecal coliform bacteria Multiple tube fermentation method  9 
17 Total coliform bacteria  9 
18 Dissolved Oxygen (DO) Azide modification method or DO meter 9  
19 Biochemical Oxygen Demand 
(BOD) 
Azide modification method or DO meter at 20 oC for 5 days   9 
5. Results and Discussion 
Surface water qualities were measured from 41 sampling sites shown in table 3. Prominent results can be 
concluded as the following; 
 
Table 3   The study result of water quality of Kwae-om canal which effect from factors as tides factor, season, land use  
 
Water 
Quality  Factor 
Season Community Land use 
Agricultural  
Land use 
Industrial  
Land use 
Rising 
tide 
Ebb 
tide Summer Rainy Summer Rainy Summer Rainy Summer Rainy 
Temper
ature  
( ° C ) 
Mean 29.2 29.1 27.991 30.065 27.640 29.795 29.113 30.9 29.058 30.90 
S.D. 2.0 1.3 1.929 4.841 2.101 5.552 0.144 0.957 0.397 0.34 
Turbidit
y 
(NTU) 
Mean   21.953 20.561 22.833 25.197 45.08 31.7 24.525 5.033 
S.D. 43.836 4.0464 16.752 64.118 18.381 73.383 9.352 5.063 7.825 3.536 
pH Mean 7.573 8.07 7.937 7.357 7.939 7.343 31.665 30.35 7.938 7.276 
S.D. 0.442 0.13 0.074 1.226 0.082 1.365 0.057 0.126 0.030 0.884 
DO 
 ) mg/l) 
Mean 3.075 3.665 3.227 3.117 2.845 0 2.89 2.375 2.8 2.675 
S.D. 0.449 0.785 0.298 0.647 0.319 0.680 0.204 0.324 0.272 0.618 
BO 
D(mg/l) 
Mean 2.187 4.160 3.93 1.37 3.850 1.325 3.310 1.433 4.738 1.528 
S.D. 0.863 1.321 1.25 0.8 1.232 0.793 1.024 1.092 1.266 0.742 
Nitrate 
(μg/l) 
Mean 0.851 0.375 nd 2.14 nd 2.177 0.389 1.748 nd 2.209 
S.D. 1.648 0.006 2.1 1.52 2.308 1.487 0.463 0.452 1.489 2.234 
TDS 
(mg/l) 
Mea
n 
214 242 241 205 249 204 170 189 251 216 
S.D. 88.2 153 152 58.1 167 60.3 46.5 72.4 113 40.5 
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Ammoni
a 
(mg/l) 
Mea
n 
17.8 4.39 8.9 24.8 7.87 24.0 11.5 33.5 12.5 22.9 
S.D. 6.83 6.69 7.94 10.67 6.99 11.27 6.57 8.56 12.5 5.99 
FCB 
(MPN/10
0ml) 
Mea
n 
5728 5022 5042 6071 4854 7995 5101 113.3 5970 100.5 
S.D. 2577
4 
3227 3171 38459 3159 44231 4360 75.54 2811 182.6 
TCB 
(MPN/10
0ml) 
Mea
n 
2.6x
107 
8.7 
x107 
9.5 x107 6118 9.5 x107 8020 1.2 x108 113 8.2 x107 289.3 
S.D. 5.8 x109 
1.7 
x108 
1.8 x109 38452 1.8 x108 44227 2.4 x108 145.787 2.0 x108 344.53 
Phosphor
us 
(μg/l) 
Mea
n 
2.80 4.80 4.76 1.78 4.536 1.763 5.09 1.87 5.67 1.78 
S.D. 0.844 
3.0183 1.82 0.52 1.930 0.588 1.896 0.100 0.788 0.220 
TP 
(mg/l) 
Mea
n 
8.83
3 
13.074 8.57 11.13 7.452 10.499 10.950 13.308 12.770 12.950 
S.D. 3.13
2 
20.042 10.18 3.12 9.474 2.790 11.108 3.858 13.500 3.464 
Mn 
(mg/l) 
Mea
n 
0.00
9 
0.0133 0.01 0.009 0.011 0.011 0.008 0.006 0.007 0.004 
S.D. 0.00
5 
0.007 0.004 0.006 0.005 0.006 0.002 0.004 0.001 0.001 
Pb 
(mg/l) 
Mea
n 
0.19
7 
0 0.211 0.084 0.202 0.106 0.156 0.063 0.244 0.031 
S.D. 0.07
4 
0 0.077 0.098 0.078 0.126 0.066 0.048 0.094 0.030 
Cd 
(mg/l) 
Mea
n 
0.03
0 
0.0004 0.01 0.035 0.011 0.042 0.012 0.033 0.008 0.012 
S.D. 0.02
5 
0.001 0.01 0.037 0.011 0.046 0.013 0.027 0.011 0.006 
Zn 
(mg/l) 
Mea
n 
0.08
7 
0.0001 0.029 0.103 0.026 0.103 0.024 0.104 0.038 0.082 
S.D. 0.02
9 
0.001 0.017 0.046 0.018 0.053 0.010 0.025 0.016 0.046 
Cu 
(mg/l) 
Mea
n 
0.00
7 
0 0 0.01 0 0.009 0 0.009 0 0.015 
S.D. 0.00
4 
0 0 0.006 0.0002 0.005 0 0.002 0 0.008 
Fe 
(mg/l) 
Mea
n 
0.04
3 
0.0229 0.014 0.062 0.0147 0.062 0.037 0.074 0.008 0.060 
S.D. 0.03
6 
0.035 0.018 0.052 0.0194 0.061 0.034 0.048 0.006 0.045 
5. Conclusion 
5.1 To survey the water quality from the origins released into Kwai-om canal  
 The result of the waste sources released into Kwae - om canal and the study result of tides factor which 
effect the water quality of Kwae - om canal can be concluded as in Table 4 
           Table 4. The Water Quality Index (WQI).  
Landuse WQI Min. Max. Mean WQI level* 
Community Area  14.6 
 
63.8 
 
41.335 
 
Bad 
Agricultural  Area 25.3 
 
53.2 
 
43.08 
 
Bad 
industrial area 21.5 
 
62.6 
 
43.737 
 
Bad 
*water quality rate  71 – 100 = good , 61 – 70  = fair, 31 – 60  = bad,0 – 30 = very bad 
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5.2. To study factors which effect the water quality in Kwai-om canal 
The study result has found that the water quality do not meet the surface water standard category 3 by Pollution 
Control Department, Ministry of Natural Resources and Environment. By the factors of seasons and tides. Contains 
dissolved oxygen, ammonia nitrogen, fecal coliform bacteria and total coliform bacteria. Season factor effects on the 
amount of cadmium in the water. Tide current factor effects on the amount of lead similarly. For the factor of land 
use, the amount of dissolved oxygen, ammonia nitrogen, fecal coliform bacteria, and total coliform bacteria all did 
not meet the standard. 
 
                  Table 5. the relationship between 3 effects (summer, rains and tide) and water quality  
 
Water Quality Summer Rains tide 
Temperature    
pH    
DO X X X 
BOD   X 
Nitrate-Nitrogen    
Ammonia - Nitrogen X X X 
Fecal Coliform Bacteria X X X 
Total Coliform Bacteria X X X 
Cd  X  
Mn    
Cu    
Pb X X  
Zn    
      Remark       = meet the surface water standard category 3 by Pollution Control Department, Ministry of Natural Resources and Environment. 
     X = not meet the surface water standard category 3 by Pollution Control Department, Ministry of Natural Resources and Environment. 
      = no Standard 
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